Objective-Sublingual buprenorphine/naloxone (Bup/Nx) is approved for addiction treatment and may be useful for pain management, particularly in opioid-treated pain patients with nonadherence behaviors. The transition of opioid-treated pain patients to buprenorphine carries the risk of precipitated withdrawal and increased pain. This study convened pain and addiction specialists to develop and pilot a clinical protocol for safe transitioning to Bup/Nx. Design-The protocol was revised three times based on outside expert review and pilot study observations. The pilot was conducted with a prospective cohort of 12 patients with moderate to severe chronic pain, who were receiving long-term opioid therapy with any full μ-agonist drug, and had exhibited one or more aberrant drug-related behaviors. Patients were followed up for 3 to 6 months with the expectation that they would experience few adverse events and report lower pain severity.
INTRODUCTION
Opioid therapy, the mainstay treatment for chronic pain due to serious medical illnesses, 1 has been used increasingly for common types of chronic non-cancer pain. 2, 3 This treatment is controversial, however, because supporting evidence for efficacy and safety is limited and rising rates of prescription drug abuse and overdose have paralleled increased prescribing. [4] [5] [6] [7] Risk assessment prior to treatment, adherence monitoring for those who receive treatment, and strategies aimed at minimizing risk or managing adverse outcomes are now viewed as necessary elements for safe and effective therapy. 8, 9 Risk-related clinical strategies are particularly important when opioid therapy is considered for pain patients who have a history of drug abuse or have already demonstrated nonadherence behaviors during opioid therapy. 9, 10 Among the strategies proposed to minimize risk is the use of an opioid that may have a lower abuse potential and lower risk profile than conventional pure μ-agonists. One such drug is buprenorphine, a partial μ-agonist, kappaantagonist, and ORL-1 partial agonist that has been approved in the U.S. as a sublingual treatment for opioid dependence and as a parenteral and transdermal analgesic.
Buprenorphine's pharmokinetic/pharmodynamic profile suggests that it may be valuable as a pain medication. 3, [11] [12] Buprenorphine has a high affinity for and slow dissociation from the μ-opioid receptor, which may help to explain its blocking activity from many opioid effects and its relatively mild withdrawal. 3 There is a ceiling effect for respiratory depression, but clinical evidence suggests a lack of a ceiling effect for analgesia. 13 At therapeutic levels, buprenorphpine and its main metabolite norbuprenorphine do not appear to significantly inhibit cytochromes, and, as a result, are typically associated with fewer adverse effects than full μ-opioids especially when these medications are prescribed at high doses. 14 Unlike some other opioids, buprenorphine's pharmacokinetics are not altered with age, 15 and its pharmacodynamics appear to have little or no effect on sex hormones or the immune system. 16 Pre-clinical observations encourage speculation that buprenorphine may favorably influence clinical outcomes related to opioid tolerance or hyperalgesia or may be relatively useful for neuropathic pain. 17, 18 Analgesic trials will be necessary to characterize the clinical potential suggested by these findings.
There have been several reports (from outside of the U.S.) of buprenorphine associated deaths. 19 These deaths appear to represent a pharmacodynamic interaction between buprenorphine and a benzodiazepine (or other central nervous system depressant) especially when the two are injected together, 19, 20 although deaths from buprenorphine alone have also been reported. 21 Like other opioids, buprenorphine abuse and diversion have increased in the United States, 22 however, in contrast to other countries, 23 data are lacking whether (at the national level), there has been a corresponding increase in deaths in the U.S. attributed to buprenorphine. Difficulty in detecting a trend may be partially attributed to the manner in which the U.S. Centers for Disease Control codes buprenorphine deaths (combining deaths involving fentanyl with those from buprenorphine) (N. Dasgupta, MPH, Personal Communication, August 14, 2012) . Although the morbidity risk of buprenorphine is unclear and may be comparatively low (especially with in the treatment setting), a protocol for treating chronic pain patients with buprenorphine would be helpful to decrease morbidity and mortality.
For opioid dependence, the sublingual formulations are available at relatively high doses (starting at 2 mg). For pain, transdermal formulations are available in Europe 24, 25 and the U.S. 26 The U.S. transdermal formulation (Butrans®) provides a relatively low dose (starting at 5 mcg/hr), which can be initiated in those who are opioid-naïve or are receiving relatively low doses of another opioid. Transdermal therapy with the U.S. formulation is not recommended when patients are taking more than the equivalent of oral morphine 30 mg/ day because of concerns about precipitated withdrawal when buprenorphine is substituted for a full μ-agonist. 27 Transition to the low-dose transdermal formulation from treatment with another opioid also raises concerns about pain control, because pain can intensify due to the withdrawal itself or due to the use of a buprenorphine dose too low to provide analgesia comparable to the baseline opioid.
Although sublingual buprenorphine (either as a single entity or combined with naloxone) does not have a FDA indication for pain in the U.S., it could be used off-label for medical purposes. Patients who are receiving an opioid and are being considered for a change to buprenorphine therapy, perhaps because of concerns about aberrant drug taking behavior, may be candidates for a trial of one of the sublingual formulations. The transition to the sublingual formulation can precipitate withdrawal and pain, however, and a protocol that minimizes this risk may have clinical utility. A large experience in the initiation of sublingual therapy for addiction management (known as "induction") suggests that the change can be made safely, and clinical protocols have been developed to reduce the risk of precipitated withdrawal during treatment of addiction. 28 A recent study by Daitch and colleagues (published after our study had been completed) reported significant reductions in pain severity among chronic pain patients who transferred from full-opioid agonists to sublingual buprenorphine/naloxone (Bup/Nx). 29 That study did not address the potential for adverse effects during the transition from a prior opioid regimen to buprenorphine. It reported outcomes among patients who had been treatment adherent and had continued Bup/Nx for at least 60 days, and did not report the percentage of patients who discontinued Bup/Nx or experienced adverse effects earlier than this. Two other observational studies 30, 31 and one randomized clinical trial 32 also suggested that sublingual buprenorphine can be used as an analgesic, but did not establish the efficacy of buprenorphine in terms of reduced risk of non-adherence behaviors during pain therapy. Collectively, these four studies did not provide sufficient guidance to fully inform recommendations regarding a safe transition from the baseline opioid to buprenorphine in heterogeneous pain populations.
The primary aim of this work was to develop a protocol for the use of sublingual buprenorphine in opioid-treated chronic pain populations at relatively high risk of nonadherence behavior. To accomplish this, an initial protocol created by an expert panel of pain and addiction specialists was repeatedly revised, based on (1) outside review and, (2) the results of a pilot observational study.
MATERIALS AND METHODS

Development of the Clinical Protocol
A panel comprising specialists in addiction medicine (authors AR, HJ, LAM, LFM, SM, and ES) and specialists in pain medicine (RAC, RKP, and SS) were tasked with creating a clinical protocol for the administration of sublingual buprenorphine in populations of opioidtreated chronic pain patients at risk of non-adherence behavior. The protocol focused on patient selection, safe transition to buprenorphine, and subsequent dose adjustments for long-term therapy. The panel reviewed existing guidelines for the use of this drug in the treatment of addiction, 28 an article that described inducting patients on relatively high methadone doses 33 and the few pertinent publications [30] [31] [32] relevant to the treatment of pain. During the course of a year, the panel convened several times by teleconference to propose, discuss or review interim drafts of the protocol. Decisions about the elements of the protocol were made by consensus.
The panel chose to develop the protocol for the commercial formulation containing buprenorphine and naloxone (ratio: 4 mg buprenorphine/1 mg naloxone; Suboxone® [Bup/ Nx]). The decision to select Bup/Nx was determined by its comparatively lower abuse liability. 34 Naloxone, an opioid antagonist, has minimal bioavailability by the sublingual and oral routes, and is presumed to have no significant effect if the Bup/Nx is taken sublingually. If the tablet is dissolved and injected, however, the naloxone would have the potential to reverse opioid agonist effects in an opioid dependent person (i.e., to precipitate withdrawal). The panel initially considered using the single entity buprenorphine formulation to transition from the baseline opioid but felt that any advantages inherent in avoiding the naloxone during this time were offset by the confusion that could complicate a second transition from a single entity buprenorphine to Bup/Nx. Neither the film formulation of Bup/Nx (Suboxone® Sublingual Film) nor transdermal buprenorphine were commercially available in the U.S. at the time that this work was undertaken.
The clinical protocol developed by the expert panel was condensed into a one-page guideline for patient selection, transitioning to Bup/Nx, and monitoring. After consensus within the expert panel was achieved on the specific elements of this algorithm, it was reviewed by three other specialists in addiction medicine, each of whom had experience in buprenorphine induction for opioid addiction. The reviewers unanimously endorsed the approach as designed. Revision of this initial guideline then occurred based on formal evaluations by regulators at the U.S. Food and Drug Administration (FDA) and the experience gained during a pilot study. There were three separate modifications. The version of the protocol incorporating all these modifications was created as the final product of this project ( Figure 1) ; there has been no testing of this last version.
The first modification was performed in response to a review by the FDA. This review occurred prior to the pilot study in response to an application for Investigational New Drug (IND) status. The agency placed a clinical "hold" on the study, expressing concerns about the safety of Bup/Nx dosing and several aspects of the methodology proposed for the pilot study, such as inclusion of patients who were taking benzodiazepines (raising concerns about drug-drug interaction) and lack of a ceiling for the maximum Bup/Nx dose (raising concerns about undesirable effects due to cumulative naloxone). Although none of the agency's concerns had been raised earlier by panel members or the three additional reviewers, the guideline and methodology were revised in response to these concerns. The clinical hold was then lifted and the pilot study began.
The second modification to the protocol was performed after treatment of the first patient in the pilot study. The initial dosing algorithm indicated that the period of transition to Bup/Nx should begin with doses observed in the physician's office. The first buprenorphine dose was 2 mg, and subsequent doses of 4 mg, 6 mg, and then 8 mg (representing a possible total loading dose of 20 mg) could be given at intervals if the patient experienced either a high level of pain or inadequate control of withdrawal symptoms. After the first patient was treated in this fashion, concerns were raised about the lack of flexibility needed to react quickly and calibrate treatment to patient need. The panel therefore modified the approach, recommending that the starting dose of 2 mg buprenorphine should be followed, if needed, by 2-4 mg for each of 2-3 subsequent doses at one or two hour intervals. The decision to exclude benzodiazepine-treated patients from the pilot also was revisited with the FDA at this time, given the frequency with which benzodiazepines and opioids were coadministered in practice, and the agency agreed that these patients could be included, with the proviso of a lower Bup/Nx maximial dose.
The third modification occurred after the 12th patient entered the pilot study. This patient required hospitalization after experiencing both severe withdrawal symptoms and severe pain on the first day. This event was reported to the FDA, which required a hold on patient recruitment. Because the planned end of the recruitment period had passed, the decision was made to close the study. The expert panel then evaluated the data from all 12 patients in parallel with the FDA review. Based on this evaluation (see below), the panel concluded that the initial guideline for patient selection did not adequately minimize risk for some types of patients. For those receiving a relatively high dose of a μ-agonist opioid or an opioid with a longer half-life, such as methadone and transdermal fentanyl, the initial doses required by the dosing algorithm did not appear to satisfactorily reduce the risk of precipitated withdrawal. For those receiving a very low dose of a μ-agonist opioid, the initial doses appeared too high, potentially causing side effects immediately after the transition.
Although these observations reflected experience in a limited number of patients, the expert panel believed that they were consistent with buprenorphine pharmacology and justified another modification. Accordingly, the third and final change in the protocol recommended against treatment with Bup/Nx when the baseline opioid dose was low (proposed as <60 oral morphine equivalent mg/d), very high (proposed as >200 oral morphine equivalent mg/d) or when patients had been receiving moderate or higher doses of either oral methadone (proposed as >80 mg/d) or transdermal fentanyl (proposed as >25 mcg/hour). The proposal to reduce risk by narrowing the eligibility for the sublingual Bup/Nx dosing algorithm was discussed with the FDA and the agency indicated that the new approach ( Figure 1 ) was acceptable for further study.
Pilot Study
A small longitudinal observational study was designed to pilot test the clinical protocol in the population for which it was intended. As described previously, most of the patients who participated in the pilot study were treated using the penultimate draft of the clinical protocol. The study commenced after approval of the FDA's IND application and approval from the Institutional Review Boards of Beth Israel Medical Center (in NYC) and the National Development and Research Institutes. Patients provided signed informed consent prior to participation.
Eligibility-A convenience sample was recruited from the ambulatory pain practice of Beth Israel Medical Center. Patients were eligible for the pilot if they had moderate to severe chronic pain, were receiving long-term opioid therapy with any full μ-agonist drug, and had exhibited one or more aberrant drug-related behaviors, as assessed using the Current Opioid Misuse Measure (COMM). 35 At the discretion of the investigator, patients who had taken opioids in the past and had a history of substance abuse (including opioid abuse) also could be included in the study. Patients were excluded if they met criteria for a current substance use disorder defined by the Diagnostic and Statistical Manual-IV of the American Psychiatric Association, as determined by The MINI International Neuropsychiatric Interview. 36 Patients with moderate-severe cardiopulmonary disease or liver function tests more than three times normal also were excluded.
Procedures-Patients who signed the study consent were asked to complete a baseline interview, participate in the protocol for Bup/Nx therapy, and complete periodic assessments over the next 3-6 months. Bup/Nx sublingual tablets were provided by the National Institute on Drug Abuse, Research Technology Branch (Rockville, MD) from a supply provided by Reckitt Benckiser Pharmaceuticals, Inc (Hull, England).
Patients were instructed to discontinue their opioid therapy the night before Bup/Nx treatment (although they were permitted to take short acting opioids until 2:00 am of the day of their Bup/Nx transition). To reduce the risk of delayed precipitated withdrawal, patients taking methadone ≥30 mg/day were instructed to stop this drug at least 2 days before. On arrival to the physician's office, patients underwent an assessment that included measurement of pain and withdrawal phenomena (see below). The goal was to administer the first dose of Bup/Nx, containing 2 mg of buprenorphine, at the time that mild withdrawal signs were observed or reported.
As described previously, subsequent in-office doses were administered in response to repeated assessment of pain, withdrawal symptoms, and other adverse events (AEs). Patients could leave when the assessment suggested that withdrawal phenomena and pain were both tolerable and stable or improving. The patient was given instructions to take one more dose of Bup/Nx during the evening or night, and begin regular, three times per day dosing on the following day. The standing dose was suggested in the guideline, but could be changed as early as the following day if monitoring of the patient revealed that it should be either higher or lower. The patient also was told that extra tablets of Bup/Nx could be used for breakthrough pain; this dose ranged from 2 mg to 4 mg, with a maximum frequency of 4 times a day.
Baseline Assessment-Patients completed questionnaires after consenting to the study. Selected parts of the patient version of the national Buprenorphine Waiver Evaluation of office-based buprenorphine treatment for opioid dependence 37 were used to collect data on socio-demographics. A checklist (constructed by the investigators) was used to assess selfreported chronic illnesses and pain medications that had been taken during the past six months. Psychiatric distress was measured with the SCL-6, 38 a six item version of the Symptom Checklist 90 (SCL-90). 39 The Individual Assessment Profile 40 was adapted to collect information on addiction and mental health treatments and services, as well as lifetime and past 30 day use of alcohol, tobacco, illegal drugs and non-medical use of prescribed drugs. Worst pain intensity, average pain intensity and pain interference with function and related quality-of-life concerns were measured on 0-10 numeric scales using the Brief Pain Inventory (BPI). 41 Day 1 and Subsequent Assessments-The BPI pain severity scale for pain right now was administered prior to the first Bup/Nx dose and approximately one hour after each inoffice dose. At the same times, withdrawal severity was assessed with both the clinicianrated Clinical Opiate Withdrawal Scale (COWS) and the patient-rated Subjective Opiate Withdrawal Scale (SOWS). The COWS includes 11 signs or symptoms and the SOWS includes 16 symptoms. 42, 43 COWS scores can range from 0 to 48 and categorizes withdrawal as mild (5-12), moderate (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) , moderately severe (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) and severe (>36). The SOWS scores range from 0 to 64.
Scheduled visit frequency was weekly for the first 2 weeks, biweekly for weeks 3-6, and then once every four weeks. Telephone calls between visits could be arranged by the clinician as needed. The initial plan to follow patients for up for 6 months was changed to 3 months due to concerns about time to complete the trial. At each visit, assessments included vital signs, pain intensity (using the scales from the BPI), sedation (a 0 to 10 single-item rating of sleepiness), opioid withdrawal (with the COWS and SOWS), and other AEs (a side-effects measure constructed by the investigators). Illicit drug use was monitored with a urine drug screen at each visit or less frequently.
Statistical analysis-Descriptive statistics were used to summarize the data. The primary aim of the analysis was to compare baseline average and worst pain with average and worst pain reports during Bup/Nx treatment. A mixed-effects model with random intercepts was used to evaluate the results from all patients, including those who did not complete the three-month pilot. The nlme package 44 of the freely available, open-source R program 45 was used to fit the mixed-effects model. All other statistical procedures were conducted with SPSS version 6.14 (Chicago, IL).
RESULTS
As noted, the results of the pilot study informed the final modification of the clinical protocol. A sample of 40 patients had been planned, but the strict inclusion criteria related to the combination of opioid therapy, recent aberrant behavior, and no diagnosable substance use disorder slowed recruitment. During the study period (July, 2008 to February, 2010), only 21 patients provided signed informed consent and only 12 patients were able to receive Bup/Nx. Of the nine consenting patients who did not receive study drug, five withdrew after signing consent and four were determined to be ineligible. During the study, eight patients discontinued prior to the three month follow-up and four completed the trial (See Figure 2) .
Characteristics at Baseline
The mean age of the 12 patients was 50 years (SD=9.62; range 40 to 66 years), 58% were male, and 67% were White, 25% Black and 8% Hispanic. Slightly more than two-fifths (42%) were married, 33% were on disability (Social Security Disability and Supplemental Security Income) and 42% were employed.
Most patients (83%) reported a chronic illness and 58% reported taking medication for a chronic illness. Fifty percent rated their general health as good or very good and 50% rated their health as fair or poor. Three patients (25%) reported that they were taking medication for a psychiatric disorder. On the SCL6 (where responses to psychiatric symptoms could range from 0 "not at all" to 4 "extremely"), the mean was relatively low (.955; SD = 1.33), with 10 patients scoring ≤1.33 and 2 scoring at 3.67 (between "quite a bit" and "extremely").
Four patients (33%) reported a past history of a DSM-IV substance use disorder and three of these had an addiction treatment history. Three patients (25%) reported one or two days during the past 30 days of heavy drinking (≥ 4 drinks per day) or the use of marijuana or medications that had not been prescribed to them; 16% reported using tobacco. The number of items endorsed on the COMM at baseline ranged from one to 12, with a median of five. A non-parametric Wilcoxon-Mann-Whitney test showed that subjects who had a substance use disorder history, compared to those without such a history, endorsed significantly more COMM items (mean rank 9.88 vs. 4.81, p =.02).
Type of opioids and opioid dose at the time of Bup/Nx transition are in Table 1 . Pain diagnoses were diverse and included degenerative disk disease, diabetic neuropathy, chemotherapy-induced neuropathy, post-polio syndrome, neuropathic post-surgical pain, intractable migraine, and complex regional pain syndrome. Half of the patients (N=6) reported a pain duration of more than five years. The duration of opioid therapy for chronic pain ranged from one to 25 years, with a mean of 8.5 years (SD=7.3). Opioids that had been prescribed to patients during the six months prior to study enrollment included codeine, methadone, morphine, oxycodone, hydrocodone, fentanyl and hydromorphone. Half (50%) of the sample had been prescribed two or more of these opioids during this period. When asked to rate the extent to which the opioids relieved pain, 58% said "a lot," 17% "moderately", and 25% "a little". Most patients also took non-opioid prescription or overthe-counter pain medications, and most used non-pharmacological therapies for pain.
At the time of transition to Bup/Nx, the 12 patients were receiving codeine, oxycodone, morphine, methadone, or fentanyl. Daily opioid consumption was 15-35 oral morphine equivalent mg in four patients, 85-90 mg in four patients, and 200-450 mg in four patients. The mean worst pain intensity during the week prior to initiation of Bup/Nx was 8.4 (SD=1.9; range 3-10) and the mean average pain intensity was 6.5 (SD=2.5; range 2-10). The mean on the BPI pain interference scale was 6.7 (SD=2.3; range 1.7-8.6).
Transitioning to Bup/Nx
The mean in-office buprenorphine dose administered was 4 mg (range 2 mg to 8 mg). The highest dose (8 mg) in the office was lower than the highest dose permitted by the algorithm (14 mg). From Day 2 onward, the average total daily buprenorphine dose was 12 mg (range 8 mg to 24 mg). This was lower than the highest daily dose (scheduled plus supplemental doses for breakthrough pain) permitted by the protocol (40 mg).
Prior to the first dose of Bup/Nx, the COWS scores ranged from 1 to 30 (mean=11.25; SD=7.24). After the first dose, the scores ranged from 1 to 23 (mean=7.58; SD=5.99), and for all subsequent in-office doses, the range was 0-25 (M=8.21; SD=6.91). Similarly, prior to the first dose, the SOWS scores ranged from 4 to 56 (mean=21.50; SD=14.64); after the first dose, the range was 1 to 60 (mean=14.83; SD=16.63), and for all subsequent doses, the range was 0 to 39 (mean=13.38; SD=13.74). The COWS and SOWS scores were highly intercorrelated (r=.90, p < .001).
Before Bup/Nx was given, pain severity scores ranged from 2 to 10 (mean=7.33; SD=2.38). After the first dose, in-office pain severity scores ranged from 0 to 9 (mean=4.71; SD=2.91). The correlation between pain severity and COWS scores was r=.55 (p<.001) and the correlation with the SOWS scores was r=.59 (p=<.001).
Adverse Events and Discontinuations
Ten of the 12 patients transitioned to Bup/Nx experienced AEs, including seven patients who stopped treatment as a result (Table 1) . Patients reported sedation, dizziness, confusion, thirst/dry mouth, slurred speech, depression, hot flushes, chills, nausea, headache, heart racing, vomiting, sweating, blurred vision, trouble swallowing, fatigue/weakness, nervousness, constipation, diarrhea, ringing in ears, loss of appetite, trouble sleeping, skin rash, and feeling groggy. As noted, one patient was hospitalized during the first day of treatment due to intense withdrawal symptoms and increased pain.
Three patients stopped Bup/Nx within seven days, five stopped between 12 and 60 days, and four completed three months of treatment (Table 1 ). In addition to the seven patients who stopped treatment because of AEs, one was withdrawn from Bup/Nx 59 days after treatment began because she had become pain free. She had been taking the equivalent of 90 mg oral morphine/day prior to the switch to Bup/Nx and did not experience side effects after transitioning to Bup/Nx.
Of the patients who withdrew from the study due to AEs, three were receiving relatively high opioid doses (>300 mg oral morphine equivalent per day) prior to Bup/Nx treatment ( Table 1) . Two of these patients stopped treatment on the first day due to intense withdrawal symptoms and one stopped five days later after experiencing vomiting, sleeplessness, pain, and restlessness. The three patients who had been receiving the lowest opioid doses prior to Bup/Nx (≤ 20 oral morphine equivalent mg/day) also experienced AEs after the switch; symptoms included pain, difficulty breathing, anxiety, drowsiness and muscle twitching. These patients withdrew from the study between 12 and 60 days after Bup/Nx was initiated. The seventh patient who withdrew from the study due to AEs was receiving the equivalent of 90 mg of oral morphine per day and stopped Bup/Nx after 12 days of treatment due to chest pain, anxiety, perspiration and loss of appetite; he was evaluated at an emergency department and no pathology was identified.
The four patients who completed the trial were receiving daily opioid doses equivalent to 35 mg to 211 mg oral morphine prior to the switch to Bup/Nx. One of these patients, who was also receiving a benzodiazepine, reduced the dose of Bup/Nx on her own after successfully transitioning to this therapy; she experienced withdrawal symptoms, which abated when she resumed her prescribed dose of Bup/Nx.
Pain and Other Outcomes
A mixed-effects model with random intercepts was used to compare baseline pain with pain reports after the transition to Bup/Nx. Due to subjects leaving the trial and non-adherence to the assessment schedule, data collection after baseline was variable. There were 18 assessments (for 10 subjects) during the first 2 weeks, 15 assessments (8 subjects) during weeks 3-6, and 16 assessments (7 subjects) for 7 or more weeks. Average pain significantly declined from baseline (mean=6.6; SD=2.7) to after baseline (mean=2.1; SD=2.5), t(48) = −6.44, P < .01). Worst pain also showed a significant decline from baseline (mean=8.2; SD=1.9) to after baseline (mean=4.8; SD=3.2), t(48) = −3.77, P < .01). As a sensitivity analysis, the missing pain scores for the two pain patients who were withdrawn from the trial on the first day were replaced with the highest possible average pain and worst pain scores (i.e., a value of 10). (This sensitivity analysis allowed us to impute the worst possible post-baseline pain severity scores for these two patients.) For all 12 patients, average pain significantly declined from baseline (mean=6.6; SD=2.7) to after baseline (mean=3.4; SD=3.7), t(58)= −5.38, p < .01), and worst pain significantly declined from baseline (mean=8.2; SD=1.9) to after baseline (mean=5.7; SD=3.5), t(58), = −3.04, p<.01).
The four patients who completed three months of treatment recorded a mean pain interference score of 6.00 (SD=2.61) at baseline and 2.86 (2.77) at the last follow-up. Two had decreased pain interference (from 7.57 to 1.14; and from 8.43 to 0) and two had increased interference (from 2.57 to 4.29; and from 5.43 to 6.00). These four patients also had little aberrant drug-related behavior; the follow-up COMM scores ranged from 0 to 3, compared to baseline scores that ranged from 3 to 6.
Eight patients underwent urine drug screening. Of 42 tests, 37 were negative for indications of drug abuse. Two were positive for THC, one for THC and ethyl glucuronide (EtG; an alcohol metabolite), and two for EtG alone. No subject had more than one positive drug test.
DISCUSSION
The primary aim of this project was to develop a clinical protocol for the use of sublingual Bup/Nx in opioid-treated chronic pain patients at high risk of aberrant drug-related behavior. This protocol was initially created by a panel of experts in substance abuse and pain, and underwent several modifications based on review by a federal agency and experience gained during a pilot test. The pilot suggests that a sublingual formulation of buprenorphine, which contains 2 mg of this drug (its lowest dose form available in the U.S.), can be efficacious in reducing severity of pain among chronic pain patients. Although consistent with other studies that have evaluated the analgesic effect of sublingual buprenorphine (Bup/Nx or buprenorphine only), the small number of subjects in our study (12) may represent a highly selected sample. The effect of Bup/Nx on other important behaviors, such as pain interference with function and drug-related aberrant behavior, could not be ascertained due to the small sample size and limited number of within subject observations.
The primary implication of this study is that there are challenges in transitioning patients from a full μ-agonist opioid. Ten of the 12 patients switched to Bup/Nx experienced AEs and seven had to stop treatment. The six patients receiving the highest and lowest opioid doses prior to the switch had the most significant AEs.
More study will be necessary to confirm the observation that baseline opioid regimens within a high-dose range and a low-dose range increase the risk of AEs when transitioning opioid-treated pain patients to Bup/Nx. The expert panel hypothesized that the three patients receiving the highest doses experienced significant withdrawal after receiving Bup/Nx, and the three patients receiving the lowest doses experienced side effects from a buprenorphine dose that was relatively too high. This hypothesis provided the rationale for the final modification of the clinical protocol (see Figure 1) , which recommends that Bup/Nx be considered for pain management only when the baseline opioid regimen is within bounds that reduce the risk of AEs at transition.
Specifically, the protocol favors a trial of Bup/Nx only if total daily baseline opioid dose is equivalent to ≥ 60 mg and ≤ 200 mg of oral morphine; it also discourages treatment if patients are receiving methadone at a dose >80 mg/day or transdermal fentanyl at a dose >25 mcg/hour. The 60 mg "floor" was suggested because standard equianalgesic dose tables indicate that a single dose of buprenorphine 2 mg is approximately equianalgesic to 60 mg oral morphine. The "ceiling" and the decision to discourage treatment of patients taking more than the lowest dose of transdermal fentanyl were suggested by the observed AEs of patients in the pilot study. The 80 mg limit recommended for methadone was informed by a small study with buprenorphine induction of patients receiving methadone maintenance. 33 Further studies will be needed to evaluate the risk of withdrawal when transition is attempted during prior treatment with various drugs and doses.
Research will also need to determine whether there are safe and effective methods to transition patients who fall outside of the presumed high and low dose range for opioid doses. For example, it is possible that patients on higher doses of opioids such as methadone or transdermal fentanyl could be successfully transitioned by tapering their methadone/ fentanyl dose into the target morphine equivalent range (60-200mg per day) prior to transitioning to Bup/Nx. Alternatively, waiting a longer period of time after the last dose of opioid before starting Bup/Nx would be less likely to result in precipitated withdrawal. However, both of these approaches risk increased or more prolonged withdrawal discomfort or pain for the patient between stopping the original opioid and starting the Bup/Nx, so these approaches need to be studied to determine if there is a net reduction in distress with transition. For patients in the presumed low-dose range, a 1 mg divided tablet of Bup/Nx (1mg/.25mg) could be considered. One of our panel members (SS) reported some success initiating Bup/Nx at 1mg in patients discontinued from lower doses of other opioids. Since our pilot did not utilize these methods, they are not part of our current protocol.
Three previous studies reported the use of sublingual buprenorphine (Bup/Nx and/or buprenorphine only) to treat chronic pain. All included patients who were either abusing or dependent on opioids, 30, 32 or were being referred for detoxification following the failure of opioid therapy. 31 By contrast, patients in our study were receiving prescribed opioid therapy for pain and did not have a current opioid dependence or abuse disorder. The objective in developing the protocol was not to manage addiction or ultimately discontinue opioid therapy, but rather to explore another option for long-term pain treatment using an opioid that may be particularly suited in the management of high-risk patients. A fourth study evaluated ongoing use of sublingual buprenorphine (Bup/Nx) for chronic pain patients who experienced continued or worsening pain despite being treated with full μ-agonist medications. 29 Although the prevalence of aberrant behaviors in the latter study population is unclear, the experience reported by Daitch et al. appears to have included a population similar to ours, with patients' pre-conversion morphine equivalent dose ranging from 10-840mg (Mean/SD 180 ± 160). However, the data reported are limited to patients who had continued buprenorphine for more than 60 days and there is no description of patients who stopped taking burprenorphine or experienced adverse events prior to this 60 day interval. All of these four studies report a reduction in pain severity and few or no adverse events following successful treatment with sublingual buprenorphine; none adequately describe the potential for adverse effects associated with the conversion to buprenorphine during pain treatment with a pure μ-agonist. A separate study of prescription opioid dependent patients (which excluded patients who required ongoing pain management with opioids) reported equally favorable drug use outcomes for patients with and without chronic pain. 46 The difficulties encountered in transitioning pain patients from their prescribed opioids to Bup/Nx suggests that this population may be more challenging to treat with sublingual buprenorphine than populations who are being treated for abuse or dependence, or are scheduled for opioid discontinuation. Additional research is needed to clarify the predictors of both favorable and unfavorable outcomes when chronic pain patients with aberrant drugrelated behavior are switched to buprenorphine with the intent of continuing long-term therapy for pain.
The process that created, modified and pilot tested the clinical protocol had significant limitations. The lack of a relevant experience or evidence base to inform the initial creation of the protocol, the need to modify the dosing algorithm after only one patient, and the decision to restrict eligibility based on the results of a small pilot trial all underscore the tentative nature of the guideline. Indeed, the decision to develop a protocol in the absence of formative research that clarifies the clinical pharmacology of Bup/Nx in opioid-treated pain patients and empirically explores risks and benefits in groups receiving different drugs and doses can be questioned. This path was justified, however, by a confluence of factors, including the favorable outcomes observed with increasing experience with sublingual buprenorphine in addiction management, the commercialization of transdermal buprenorphine (anticipated in the U.S. and available in Europe when the current project was planned) indicated specifically for chronic pain, and the need to rapidly develop new strategies to address the increasing problem of prescription drug abuse. From these perspectives, a consensus process involving both pain specialists and addiction medicine specialists held the promise that a safe approach could be proposed for the use of Bup/Nx in opioid-treated chronic pain patients, which if confirmed by further testing, has the promise to expand access to a potentially valuable therapy. The insert in the fentanyl package has a different conversion than the one used here, and also has significant variability. 50 c Subject had taken half of a 2mg tablet in the evening of Day 1.
